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I 1 1 u s t r a t ions 
This report contains the unanimous recomnendations o f

INTRODUCTION
Analyses of c r a t e r population s t a t i s t i c s have played a major r o l e i n e s t a b l i s h i n g planetary chronologies, i n determining the nature o f planetary surface processes, and i n i n f e r r r i n g the c h a r a c t e r i s t i c s o f a s t e r o i d a l and cometary populations and the meteoroid complex. These analyses a l s o have been a r e l i a b l e t o o l f o r probing the physical environment o f planetary surfaces and i n t e r i o r s . The wide a r r a y o f a p p l i c a t i o n s of c r a t e r analyses has brought i n v e s t i g a t o r s o f diverse i n t e r e s t s and backgrounds i n t o t h i s r e l a t i v e l y young d i s c i p l i n e ; and a myriad o f data analysis techniques have arisen.
the same, and attempt t o d i s p l a y o r analyze t h e sanle a t t r i b u t e s o f the c r a t e r populations b u t the f i n a l products have markedly d i f f e r e n t appear-
ances and o f t e n are not e a s i l y intercompared.
techniques, redundant data c o l l e c t i o n and reduction will be minimized and, most importantly, underlying concepts can be traced more e a s i l y through r e l a t e d studies. Toward the Goal o f standardization, a working group was formed.
F l a g s t a f f , Az.
rebul t i n g from t h a t meeting.
Most o f t h e techniques are fundamentally
By standardizing analysis
The group met September 8 and 9, 1977, a t the USGS f a c i l i t y i n This document contains the f i n d i n g s and recommendations
Because " c r a t e r anal yses" i n v o l v e such a broad range o f d i s c i p l i nes , the working group chose t o concentrate on c r a t e r size-freolency analysis a t i t s f i r s t meeting, w i t h other t o p i c s l e f t u n t i l f u t u r e meetings. The group members represent a cross-section o f i n s t i t u t i o n s and i n t e r e s t s , b u t a l l have i n common current involvement i n c r a t e r size-frequency data c o ll e c t i o n and reduction. A d r a f t o f t h i s r e p o r t has been widely c i r c u l a t e d f o r comment t o an extensive l i s t o f s c i e n t i s t s whose research incorporates c r a t e r analysis. Those s c i e n t i s t s responding are l i s t e d i n the acknowledgments and t h e i r comments have been taken i n t o account i n t h i s f i n a l report.
I n t h i s document i t a l i c s emphasize t h e s o e c i f i c recorrpendations of t h e comnittee. A l l o f the recomnendations presented were adopted unanimously by t h e committee. Crater s t a t i s t i c a l analyses have been used successfully i n three major ways, namely: date geologic u n i t s and events, ( 2 ) t o i d e n t i f y surface and subsurface processes, and ( 3 ) t o provide a framework f o r i n t e r p r e t a t i o n o f data from o t h e r f i e l d s . Many sub-disciplines o f planetology r e q u i r e a t l e a s t a framework o f r e l at i v e ages i n order t o i n t e r p r e t planetary e v o l u t i o n i n terms o f chemistry, s t r u c t u r e , and processes; c r a t e r analyses are t h e c h i e f means o f o b t a i n i n g t h i s time framework. s t a t i s t i c s provide the only p r e s e n t l y a v a i l a b l e means o f e s t i m a t i n g absolute (admittedly coarse) chronologies f o r Mercury, Venus, and Mars. Other areas of planetology utilized knowledge established by crateri n g mechanics and statistical studies i n order t o interpret their own observations. temperatures w i t h surface impact ages; correlation of bistatic-radar echo broadening w i t h crater densities and size distribution; interpretation of the 25 km-deep change i n lunar p-wave velocity i n terms of crustal fract u r i n g from impact events; and correlation of l u n a r reflection spectra w i t h impact-glass content.
Among the many possible examples are correlation of eclipse
Crater analyses already have produced valuable and otherwise una t t a i n a b l e information, and t h e prospects f o r s t i 11 f u r t h e r successes are excellent.
vancements and refinements o f our understanding o f c r a t e r i n g as a geolog i c process; r e c o g n i t i o n o f t h e c h a r a c t e r i s t i c s o f primary and secondary cratering; understanding o f the o r i g i n , evolution, and dynamics o f small bodies i n the s o l a r system; and understanding o f planetary c r u s t a l prop e r t i e s , environment;, and evolution.
continues t o expand the l i b r a r y o f basic information about the t e r r e s t r i a l Current competition and debate are producing r a p i d ad-
As t h e techniques o f c r a t e r analysis planets, t h e i r use and respect by o t h e r d i s c i p l i n e s w i l l continue t o i ncreascz. RECOMMENDATIONS FOR CMTER SIZE-FREQUENCY PRESENTATIONS:
A wide v a r e t y o f presentation techniques f o r c r a t e r data have apOccasionally the data appear i n tables, more peared i n the 1 t e r a t u r e . o f t e n i n graphs.
strengths and weaknesses, a l l f a l l i n t o two broad classes: those t h a t d i s p l a y the d i f f e r e n t i a l size-frequency d i s t r i b u t i o n and those t h a t d i s
Although each of the techniques has i t s p a r t i c u l a r p l a y i t s i n t e g r a l , the cumu a t i v e size-frequency d i s t r i b u t i o n .
s i t y o f graphic techniques d i f f i c u l t , For t h i s reason we have developed a system o f standardization o f c r a t e r s t a t i s t i c s techniques. The d i v e rn use has made communication among researchers
The s i n g u l a r l y most important b e n e f i t derived from standardized c r a t e r analysis techniques i s enhanced communication.
minimization o f redundant measurements. w i l l p e w i t r a p i d comparisons among i n d i v i d u a l studies and data sets. I n p a r t i c u l a r , r e l a t e d features o f the data w i l l be a t t h e same l o c a t i o n Another b e n e f i t i s P l o t t i n g data i n standard formats ( x and y values) and look the same on a l l p l o t s . Oral communication w i l l also b e n e f i t because reference t o a bump o r wiggle a t some set o f coordinates w i 11 unambiguously 1 ocate t h a t feature, The c r i t e r i a l i s t e d below establishea the basis f o r s e l e c t i n g t h e two p l o t t i n g techniques. o r e a s i l y understood; (2) be e a s i l y implemented; (3) be r e a d i l y i n t e rpreted; (4) have wide a p p l i c a b i l i t y t o recognized problems so t h a t t h e need t o use a l t e r n a t i v e techniques i s minimized; and ( 5 ) be both "consist e n t " and "unbiased" ( i n the s t a t i s t i c a l sense) and i n s e n s i t i v e t o the data gathering techniques. diameter b i n s i z e used.
The technique(s) should: ( 1 ) be i n common use,
The p l o t should n o t depend s t r o n g l y on the c r a t e rBased on t h e above c r i t e r i a , we chose two p l o t t i n g techniques as the
standards; the "Cumulative Size-Frequency D i s t r i b u t i o n P l o t " clnd the "Relative Size-Frequency D i s t r i b u t i o n P l o t " .
a t t r i b u t e s and benefits o f a cumulative p l o t t i n g technique, w h i l e the l a t t e r i s a v a r i a t i o n on a d i f f e r e n t i a l p l o t t i n g technique. t h a t a l l C,ta be p l o t t e d i n both o f the standard formats.
However, we recognize t h a t a l l d e s i r a b l e c r a t e r analyses may n o t be served by j u s t these two p l o t s .
recommended standard formats, but the standard f o m a t s should s t i l l be presented, i n addition t o the specicl formats.
e a s i l y t o u t i l i z e t h e data sets.
The former possesses t h e
We recommzd I n such cases, special needs take p r i o r i t y over the This w i l l enable others D e t a i l s o f these p l o t t i n g techniques are given below.
we recommend using the f o l l o w i n g basic conventions o f p l o t t i n g : double logarithmic axes of the ssiiie scale. consistent u n i t s . The required s eps f o r p l o t t i n g unbinned data are:
(1) S o r t the c r a t e r s i n t o descending order by diameter (d) ; obta n i n g the sequence d,, d2, dj, ... Construction from Binned Data: For many purposes the c r a t e r diameter measurements can be taken i n bins o r be binned before p l o t t i n g . The widths of the bins can be adjusted t o achieve the desired l e v e l o f r e s o l u t i o n . the l a r g e s t diameter b i n be b i n 1 containing nl c r a t e r s (nl>l), and the second l a r g e s t b i n be b i n 2 containing n2 c r a t e r s . .. , and the i t h diameter be b i n i containing ni c r a t e r s . 
A , against l o g (Da). This equation allows the population i n each b i n t o have been measured on a d i f f e r e n t amount o f surface area. L e t t i n g i the t o t a l number o f c r a t e r s i n b i n i and a l l l a r g e r diameter bins, nKK'
N = C
K= 1 the confidence i n t e r v a l , 2 0 , i s l o g p * p -.
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THE RELATIVE SIZE-FREQUENCY DISTRIBUTION PLOT:
The R e l a t i v e Size-Frequency D i s t r i b u t i o n P l o t possesses a number o f i mportan t a ttr i bu tes :
(1) I t i s e a s i l y implemented.
(2) The p l o t displays information on the d i f f e r e n t i a l size-frequency d i s t r i b u t i o n f u n c t i o n F( 0). ( 3 ) The p l o t t e d r e s u l t s are as independent o f the b i n s i z e as poss i b l e ( b u t r e s o l u t i o n i s n o t independent o f t h e b i n s i z e ) . ( 4 ) Most c r a t e r populations have slope i n d i c e s w i t h i n the range of
21 of the function D-3; therefore, they w i l l p l o t as non-sloping o r moderately s l o p i n g l i n e s on these p l o t s .
l i n e s on these p l o t s make any changes i n the F(D) more obvious and f a c i l itates i d e n t i f y i n g d i f f e r e n c e s i n d i s t r i b u t i o n functions and d e n s i t i e s among 9 c r a t e r populations.
The shallow average slopes o f P r i o r t o p l o t t i n g t h e data by t h i s technique, they must be binned.
Consider a b i n w i t h diameter l i m i t s Da t o Db (Ob which were 'neasured on a surface of area A. To determine t h e value t o be Da) containing n c r a t e r s p l o t t e d along t h -absicissas, f i r s t c a l c u l a t e t h e geometric mean (q o f the c r a t e r s i n the bin. 
To p l o t t h e data i n b i n i,
The confidence i n t e r v a l , +-c, i s l o g R C f i .
Rl
TABLES :
A Z i data shoxZd be given i n tabular f o n . Exceptions t o t h i s are data published i n a previous a r t i c l e o r data from a widely accessible c r a t e r catalog. Some data may be so extensive t h a t g i v i n g tne f u l l s e t o f tables i n an a r t i c l e would r e s u l t case, the author should use (2) The number o f c r a t e r s w i t h i n each b i n should be given. Do n o t
i s a v a i l a b l e , a r e p r h t of a11 a r t i c l e s ami t h e i r 9 the L m a r aid PZaxetaq I n s t i t u t e (ir'rl
give the cumulative number o r the number per u n i t area.
(3) Specify the area of the surface over which the measurements were made. I f the area changes from b i n t o b i n , g i v e i t f o r each b i n .
Stcpporting information for each tabZe must aZso be given. It shouZd include, but not be limited to, the foZlming:
( 1 ) A d e s c r i p t i o n o f t h e type o f materials from which the measurements Give photograph I . D. number, type o f processing i t received, were made. the scale used t o convert the measurements t o the actual diameter, the source o f the scale, and whether the scale was assumed t o be constant o v e r the e n t i r e photograph.
( 2 ) G i v e the exact l o c a t i o n of the region studied. E i t h e r l a t i t u d elongitude l i m i t s o r a l o c a t i o n c h a r t can be used.
( 3 ) Specify the method o f data c o l l e c t i o n and reduction. Describe the measuring device ( r u l e r , p a r t i c l e -s i z e dnalyzer, e t c . ) and i t s accuracy.
Describe a l l corrections made t o the measurements (such as f o r sun angle) and why those corrections were needed.
( 4 ) Give a l l other data t h a t wou;d be necessary f o r the reader t o be able t o reconstruct the data s e t from the appropriate photographs.
Regression analyses:
pomr s e r i e s , a s p e c i f f c model, o r other function, ax indication of the success of the regression shouZd be given.
done by using a non-parametric t e s t (e.g. x o r Kilmogoroff-Smirnoff t e s t )
t o compare the data and the regression r e s u l t s .
regression adequately represents t h e data.
f i t t e s t , the l a confidence i n t e r v a l on the regression coe f i c i e n t s should be given. Non-parametric t e s t s are also useful f o r examin ng t h e range of admi s s i b l e models.
MORPHOLOGIC ANALYSES :
I f the data are regressed t o a s t r a i g h t l i n e , a I n most cases t h i s i s best 2
A t e s t insures t h a t the I n a d d i t i o n t o a goodness-of-
The coniini t t e e deferred extensive formulation o f standards f o r c r a t e r morphology studies u n t i l a l a t e r meeting. Nonetheless, morphologic studies cannot be considered completely separate from s t a t i s t i c a l analyses, and the committee decided t o l a y the foundation f o r f u t u r e discussions w i t h t h e f o l l o w i n g two recommendations:
( classes (whether the classes are numbered 1, 2 , 3, o r c a l l e d high, medium, low, e t c . ) do n o t form a unique basis f o r s t a t i s t i c a l e v a l u a t i o n o f the conclusions. Q u a n t i t a t i v e measurements (whether from a continuum such as inside/outside diameter r a t i o s , o r a Boolean t r u e -f a l s e e v a l u a t i o n such as c e n t r a l peak presence o r absence) can be unambiguously t r e a t e d and are l e s s subject t o a l t e r n a t i v e i n t e r p r e t a t i o n r e s u l t i n g from differences i n subj e c t i v e judgments. Therefore, i f a hypothesis could be t e s t e d by e i t h e r a q u a n t i t a t i v e o r q u a l i t a t i v e morphology measurement, the q u a n t i t a t i v e measurement i s t o be preferred. 
Assignments o f morphologic c h a r a c t e r i s t i c s t o s
Where I i s a constant f a c t o r greater than u n i t y ( o f t e n I = which must be maintained f o r the e n t i r e span o f the p l o t .
We would p l o t l o g (J(D)) against l o g (DaI'). ,.
lT ( -W e would p l o t l o g (T(D)) against l o g (Da12).
APPENDIX I 1 -EXAMPLES
Below a r e given two sets o f c r a t e r size-frequency data i n tabular and both graphic formats. Table I I n September 1977, a c r a t e r studies workshop was h e l d f o r the purpose of developing standard data a n a l y s i s and presentation techniques.
o f the p a r t i c i p a n t s . Future meetings will t r e a t other aspects o f c r a t e r studies such as morphologies.
This r e p o r t contains t h e unanimous recomnendations This f i r s t meeting considered p r i m a r i l y c r a t e r size-frequency data. 
